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The histologic differences between active and inactive glandular organs have
interested investigators for many years. In all those glands producing enzymes,
marked differences have been found. The cardinal observation has been that
prolonged secretory activity is associated with a gradual depletion of the secre-
tory granules or vacuoles in the cell (1). However, this type of cytomorphological
analysis is not applicable for the many glands which do not produce particulate
secretion. This has been especially true in the instance of the eccrine sweat gland.
Here is a gland, designed for evaporative thermo-regulatory cooling, producing
water in as high a concentration as is osmotically possible. There are no secretory
granules to be seen. In spite of this absence of granules, a number of observers
have commented on differences between active and inactive sweat glands. Unna
as early as 1894 (2) quotes Renault and Bubnoff as describing a raised cloudy
acinar epithelium in the sweat gland (horse, cat) at rest, and a flat clear acinar
epithelium during secretion. Nicolas, Regaud and Favre (3,4) related mitochon-
drial changes to sweat secretion in man. Way and Memmescheimer (5) give an
excellent review statement of critical histologic differences seen in the sweat
gland:
Inactive gland Active gland
Large tall glandular cells Small low glandular cells
Nuclear cell ratio: normal Nuclear cell ratio: high
Protoplasm: striate Protoplasm: clear
Lumen: small Lumen: wide, coagulum present
Moreover in the exhausted state small deformed vacuolated flattened epithelial
cells are reported to encircle a small lumen. Ring and Randall (6) recently care-
fully described the histological changes occurring in the sweat glands of rats
following nerve stimulation for periods up to 4 hours. They found that the
lumina dilated, the secretory cells becoming small and compressed. The nuclei
became elongated and were positioned with the long axis parallel to the base of
the cell.
Sperling and Koppanyi (7) in a study of the sweat glands of cats stimulated
either by heat or pilocarpine found that the myoepithelium decreased in size
during activity. Furthermore they noted that the epidermal portion of the sweat
duct changed from a tight spiral to a loosely convoluted tube. Finally they stated
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that the activity state could be readily determined by immersing sections of the
gland into neutral leuco methylene blue solution. If staining occurred the gland
was at rest. If no staining resulted, the gland was active.
Apparently histochemical technics have been employed but once in the study
of this problem, and that study largely overlooked due to its publication solely
in the Japanese literature. In 1935, Yuyama (8) reported that the glycogen (Best
carmine stained material) level of the human sweat gland reflected the secretory
state. He found that during sweating (heat or pilocarpine induced) glycogen
slowly diminished or disappeared. At rest, the glycogen levels returned to normal.
In every instance of 30 normal subjects, glycogen was present, both in ducts and
acini. There were no sex differences, nor were there seasonal variations. In certain
skin diseases, however, the glycogen was decreased in amount. Atropine and
epinephrine had no effect on the glycogen level.
The following investigation was initiated to study further the histologic and
histochemical correlates of secretory activity in the normal human eccrine sweat
gland.
METHOD
One hundred and thirty skin biopsies from normal adult male subjects were
studied. Ten other specimens on both patients and autopsy material were in-
vestigated in addition. The biopsies were usually taken, from the back, before
and after variable (0—1 hour) periods of thermal sweating following exposure in a
heat cabinet. The work was done entirely in the winter and spring so that sweat-
ing for the most part was under experimental control. Biopsies were taken with
a high speed rotary punch (5 mm.) described elsewhere (9). This painless pro-
cedure permitted the securing of biopsies in the complete absence of any anes-
thetic.
Immediately after the biopsies were obtained they were placed into petri dishes contain-
ing blocks of dry (carbon dioxide) ice. The frozen mass of tissue was bisected. One half was
used for frozen sections and the other half was placed into Rossman's fixative (alcohol-
formalin-picric acid), or other fixative as desired. The frozen sections were cut at 5 to 7
micra according to the modified Adamstone-Taylor technique (10, 11), placed on a clean
slide, and as they thawed were placed in the desired fixative or substrate.
1. Hematoxylin and Eosin Stain. This was performed on Bouin's, Rossman's or formalin-
fixed frozen sections, as well as paraffin embedded tissue.
2. Acid Phosphatase. Frozen sections were fixed for 30 seconds in cold acetone and then
placed into substrate previously heated to 37°C according to the technic of Gomori (14)
modified by Mescon (13). Sections were removed from substrate at 5 hours, 24 hours, and
48 hours. For control, alternate sections were incubated in a substrate of similar pH, but
without glycerophosphate. An additional control was performed after 30 seconds in ace-
tone fixation, by heating the sections in air 3 inches above a hotplate for 10 minutes at 80°C
before placing into substrate.
3. Alkaline Phosphatase. Sections were fixed for 30 seconds in cold 80% alcohol and then
immersed in substrate for 5 hours, 24 hours, and 48 hours according to the technic of
Gomori (12). Controls similar to those of acid phosphatase were performed, except that
alkaline solutions were employed.
4. Fat Stains. Frozen sections were placed directly into an 80% alcoholic solution of Sudan
if'
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IV or saturated solution of Sudan llack B, in 70% alcohol for total lipids; other slides were
placed into a saturated solution of Nile Blue sulphate after formalin fixation to demonstrate
neutral fats (15, 16, 17).
Fio. 1. Acid phosphatase. Dark masses reflecting highest concentration of this enzyme
are found in cytoplasm of sweat gland acini, near lumen. Note all nuclei of acini and ducts
are stained. Myoepithelium and basement membrane also stained. Cytoplasm of ducts shows
inappreciable amount. This specimen was a frozen section from biopsy taken after 1 hour
sweating. Pre-sweating section on same subject was identical. 215X.
5. Feulgen reaction. Frozen sections were fixed in Zenkcr's or Bouin's fixative and placed
in 1 normal hydrochloric acid for 5, 10 or 15 minutes and processed according to the Feulgen
method for desoxyribonucleoproteins.
6. Sulfhydryl group stain. Frozen sections were placed directly into 80% alcoholic solu-
tion of 1-(4-chloromercuriphenylazo)-naphthol-2 for 1, 2 and 6 hours as advocated by Mes-
con and Flesch (18) in their modification of Bennett's method (19) for staining sulfhydryl
groups.
7. Toluidine Blue. Frozen sections were placed directly into a 0.5% Toluidine Blue solu-
tion in 5% alcohol for 30 minutes and examined under daylight and ordinary yellow tungsten
light for metachromasia.
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8. McManus, Bauer's and Best's carmine stain. Frozen tissue sections were fixed in Ross-
man's fixative (aleohol-formalin-picric acid) and hydrolyzed for 5 or 10 minutes in periodic
acid according to the technic of McManus (20). Alternate control sections were digested in
Fin. 2. Alkoliee phosphatase. Dark masses reflecting highest concentration of this enzyme
are found in cytoplasm of sweat gland acini, on basement membrane side. Note all nuclei
of acini and to lesser extent ducts, are stained. Myoepithelium and basement membrane
also stained. Cytoplasm of ducts shows inappreciable amount. This specimen was a frozen
section from biopsy taken after 1 hour sweating. Pre-sweating section off same subject was
identical. 280X.
1% malt amylase buffered to pH 6.8 at 37° for one hour. Other controls using the buffer
without the amylase were also used to identify glycogen.
The Bauer and Best carmine stains were performed as outlined by Lillie (21). Similar
controls were also used for these stains.
RESULTS
Although McManus, Bauer and Best's carmine stains were the only ones which
revealed any difference between specimens taken before and after the period of
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marked sweating, a review will be made of the general histologic and histochemi-
cal findings.
1. H and E sections (20 biopsy pairs): No appreciable consistent difference in
staining character, granularity, nuclear appearance, vacuolization, degree of baso-
philia, dilatation, or luminal contents could be detected between the pre- and
Fio. 3. Lipids. Note dark staining particulate lipids appearing only in the aeinar tissue.
Duets show no staining. Large masses are artefaet. Nile blue sulfate stain on pre-sweating
specimen. No change seen after sweating. 550X.
post-active glands or their ducts. Dilatation of ducts and luminal eosinophilic
homogeneous material ia glands or duets was occasionally noted in biopsies be-
fore and after patient had been in the heat cabinet.
2. Acid phosphatase (12 biopsy pairs) (Figure 1): Using frozen sections, acid
phosphatase was readily demonstrated in the eccrine sweat glands secretory
tissue, particularly in toward the luminal portions. This was accentuated in the
sections incubated 24 and 48 hours in substrate, so that slight staining of all
nuclei was present. The ducts and myoepithelium stained lightly or not at all,
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depending on length of time in substrate. The nuclei stained more than the cyto-
plasm. Control sections, either without glycerophosphate in the substrate or those
heated 80°C for 10 minutes, failed to reveal any staining. No acid phosphatase
could be demonstrated using the paraffin sections. No changes in this constitu-
ent were seen before and after sweating.
FIG. 4. Sulfhydryl groups. Nuclei, and to lesser extent, cytoplasm of both duct and acinus
show presence of SH groups. Note stained myoepithelium about acinus. Also shown is an
intraluminal "cast", taken from subject before sweating. Post-secretory findings identical.
550X.
3. Alkaline phosphatase (12 biopsy pairs (Figure 2): Alkaline phosphatase was
found in the sweat gland acini, but not in the ducts. There was marked staining
of the peripheral portion of the glands including the myoepithelium. This was
more marked in the 24 and 48 hour preparations than in those of 5 hours of in-
cubation in substrate. In the former sections slight staining of acinar tissue and
duct nuclei were seen. Sections controlled with heat or phosphate-free substrate
showed no staining. No changes were found before and after sweating.
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4. Lipids (10 biopsy pairs) (Figure 3): Frozen sections stained Sudan IV,
Sudan Black B and Nile Blue Sulphate revealed stained small droplets in the
secretory tubules. No lipids were observed in the ducts or myoepithelium. No
changes were seen with secretory activity.
FIG. 5. Glycogen. Specimen from subject prior to sweating. McManus Stain. Frozen section
Dark staining masses and particles reflect presence of glycogen. Note that it is seen only
in the acini. Fine dust in ductal epithelium is not glycogen. 550X.
5. Feulgen reaction (7 biopsy pairs): All nuclei stain in the glandular tissue,
ducts and myoepithelium. No differences were noted between pre- and post-
sweating specimens.
6. Sulfhydryl Stain (12 biopsy pairs) (Figure 4): The nuclei stain deeply and
cytoplasm stains lightly of both acini and ducts. Myoepithelial cytoplasm stains
similar to other gland cytoplasm, but not nearly as well as smooth muscle cyto-
plasm of erector pili muscles. No change following sweat secretion.
7. Toluidine Blue (5 biopsy pairs): No metachromasia of acinar tissue, ducts
or myoepithelium was seen before or after sweating.
SI;
Jr
/
r
4
296 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
8. McManus (Figure 5), Bauer, Best Carmine Stains (2? biopsy pairs each):
All three of these stains revealed positively stained material in the cytoplasm of
acinar tissue of the glands. The amount was greater in the frozen section speci-
mens than in the paraffin sections. Furthermore the MeManus stain revealed
Fig. 6. Glycogen. McManus Slain. Frozen section. Amylase incubation. Pie-sweating sub-
ject. This is same biopsy specimen as Figure 5 after incubation with am lase to destroy
glycogen. Cytoplasmic material seen stained in Figure 5 has disappeared, indicating that it
apparently was glycogen. Note only remaining McManus positive material is basement
membrane which therefore is not composed of glycogen. 550X.
the greatest amount. Nuclei did not stain nor did the ducts or myoepithelium.
This material was shown to be glycogen since it disappeared after incubation
with amylase (Figure 6). In this regard it should be noted that the basement
membrane of the sweat glands stained strongly with these stains and that amylase
has no effect on this basement membrane stain. The glycogen itself appeared as
particles or clumps.
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It was found that a distinct reduction in the glycogen level of all the sweat
glands could be demonstrated after approximately 15 minutes of profuse sweat-
ing. Following 30 to 60 minutes of active sweating the glycogen essentially dis-
appeared (Figure 7). Resting in a cool environment led to complete restitution
Fro. 7. Glycogen. Mcilianus Stain. Frozen section. Same subject as in Figures 5 and 6 after
45 minutes sweating. Note almost complete disappearance of glycogen after sweating. Base-
ment membrane remains prominent. 550X.
of the glycogen over a period of several hours. Local injection of pilocarpine
(0.1 ml. 1% solution) also led to decrease in glycogen.
To show that the disappearance of glycogen reflected secretory activity and
was not due to aiiy other effects of heat, the following experiment was done. In
15 subjects sweating was completely blocked locally by the injection of 0.1 ml.
of 1/1000 atropine sulfate solution. In these men, one hour of exposure in the
heat cabinet led to no reduction of glycogen in the anhidrotic areas, whereas the
controls in the sweating areas invariably showed an absence of glycogen.
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DISCUSSION
The all important factor in any cytomorphologic study on secretion is the
duration of secretory activity. There is no method distinguishing active from
inactive glands per se. As a general principle, all of the changes noted in glands
are a result of secretion having occurred only after prolonged periods of secretion,
and this study is no exception. Particular note is made of this in relation to the
current findings of an absence of changes as revealed by the hematoxylin and
eosin stain. It can only be stated that one hour of intense sweating leads to no
significant histologic change. Other unpublished data extend this to a period of
8 hours. In other words, it was not possible to induce experimentally the changes
popularly cited in the literature. The dramatic findings of Ring and Randall (6)
in the rat reflect the effect of very intense stimulation over a period of many
hours. It might be anticipated that this could be reproduced in man under similar
conditions. Nevertheless our experience indicates that it is generally inadvisable
to attempt to assess the secretory state of a sweat gland on the basis of the routine
hematoxylin and eosin stain.
Acid phosphatase had not previously been demonstrated in the sweat gland
(22, 23). Yet, using the present technic, large amounts may be seen to occur in
the luminal side of the eccrine acini. It should be noted that this important
enzyme could not be demonstrated using the paraffin sections which had pre-
viously been employed by investigators.
Alkaline phosphatase had been found to occur only in the secretory portion
of the sweat glands by Fisher and Glick (23). Here the enzyme appeared to be
more concentrated in the peripheral portions of the cells. In neither of the phos-
phatases could any significant change in concentration be induced by an hour
of intense sweating.
The lipids as revealed by 3 stains also showed no change in concentration be-
fore and after sweating. In contrast to Bunting, Wislocki and Dempsey's find-
ings (24) lipids were not seen in the duct, nor was any large droplet formation
seen. This may be due to a difference in age of specimen.
The Feulgen reaction which stains for desoxyribonucleic acid showed staining
of all nuclei. No secretory changes could be noted.
Sulfhydryl groups stained well in the nuclei and to a lesser extent in the cyto-
plasm. It is interesting to note that the myoepithelium stains like that of the
parent sweat organ, rather than as smooth muscle.
Toluidine blue stain did not reveal any metachromasia, which is in agreement
with the findings of Bunting et al. (24). In extension of the latter's work, it was
found that activity produced no change.
Glycogen is abundant in the cytoplasm of the cells of the secretory coils of the
resting sweat gland. This glycogen is present in a diffuse or particulate form. It
is not seen in the ducts nor in the myoepithelium. This has been known for many
years (25). However, Yuyama apparently has been the only one previously to
study the effect of secretory activity on the glycogen content. We have confirmed
his finding in the acinar tissue, but were unable to demonstrate any glycogen in
the ducts (or in apocrine glands) in contrast to his observations. Possibly non-
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specific reactions accounted for his anomalous statements regarding the glycogen
content of the eccrine sweat duct and apocrine gland.
The drop in glycogen has been seen in other glands as well. Hebb (26) reported
a decrease in glycogen level of the pancreas after prolonged secretory activity.
Strangely, the secretory tubules of the submaxillary gland of the cat also show
a drop in glycogen in response to pilocarpine stimulation (27). Gradually this
depletion is corrected over a period of hours.
Glycogen presumably is a reserve carbohydrate store, used in times of secre-
tory stress. In inactive periods there is restoration of the basic equilibrium, with
the reappearance of particulate glycogen. Interestingly, although glycogen dis-
appears rapidly in the presence of water, it does persist for some time after death
(28). This relative absence of lability probably accounts for the uniform results
recorded by various individuals.
Auxilliary observations have also been made on the mitochondria of the acini
of the sweat gland (five biopsy pairs). Frozen unstained sections were studied.
Following intense sweating for periods up to one hour, no morphologic changes
in the mitochondria could be detected.
Furthermore it was not possible to extend to man Sperling and Koppany's
finding on the methylene blue reaction, duct tortuosity or myoepithelial contrac-
tion (10 biopsy pairs). None of these indices proved of any value to determining
the state of activity in our material.
All of the histochemical data reported appear to be consonant with the view
that the sweat duct plays a passive role. Only the nuclear stains appeared to
stain the duct tissue significantly. The cytoplasmic components, presumably of
critical importance in absorption and secretion, were not found in the duct tissue.
However, further data are needed before the physiological role of the sweat duct
can be adequately described.
The confirmation of Yuyama's significant observation that the acinar glycogen
level is an index of secretory activity gives us a tool with which to further study
the role of eccrine sweat glands in health and disease. An immediate application
has been in the problem of anhidrosis. Glycogen studies on biopsies of an anhi-
drotic area before and after heat stimulation have enabled us to state conclu-
sively whether or not sweat was being secreted internally. In some instances of
anhidrosis, sweat formation continues, with consequent sweat retention. In others
the glands no longer form appreciable amounts of sweat as revealed by the
absence of any change in the glycogen level. These findings in turn have been of
value in interpreting the signs and symptoms in such patients.
CONCLUSIONS
1. The histochemistry of normal inactive and active human eccrine sweat
gland has been presented.
2. The only histochemical change seen in association with glandular activity
has been a disappearance of glycogen.
3. This change occurs only after prolonged intense sweating, is prevented by
local atropine, is reversible under resting conditions.
300 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
4. Following intense sweating for periods up to 1 hour, no significant histologic
changes could be seen in the active sweat gland.
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